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Introduction
　　EndoVascular　Technologies　（EVT，　Menlo　Park，　CA）　was　founded　in　July　1989　to　develop　a　method
of　transfemoral　repair　of　abdominal　aortic　aneurysms　based　on　the　concept　of　Harrison　Lazarus（1）．
The　first　clinical　case　in　the　U．S．　was　performed　in　February　of　1993　when　an　endovascular　tube　graft
was　implanted　in　a　patient　at　UCLA（2）（3）．　That　implantation　was　done　under　the　protocol　of　an　FDA
Phase　1　clinical　trial　and　all　EVT　implants　in　the　United　States　have　been　done　under　the　protocol　of
an　FDA　phase　1　or　II　trial（4）（5）．
　　　Dr．　Lazarus’　original　concept　was　to　imitate　as　closely　’as　possible　the　final　product　of　current
surgical　aortic　grafting．　To　that　end　the　concepts　of　an　unsupported　woven　Dacron　graft　and　trans－
aortic　fixation　were　incorporated．　The　primary　innovation　was　directed　at　less　invasive　delivery　and　the
engineering　required　to　deliver　such　a　graft　reliably　and　accurately　transfemorally．　lf　delivered　and
implanted　successfully，　it　was　reasoned，　the　graft　should　closely　mimic　the　“gold　standard”　of　open　sur－
gical　aortic　grafting．　Other　endovascular　grafts　currently　being　tested　utilize　a　variety　of　other　concepts
（e．g．　column　strength　and　longitudinal　metallic　support，　composite　and　modular　designs，　transrenal
fixation，　etc．）　that　represent　further　departure　from　the　result　of　open　surgical　aortic　grafting．　Care－
fu1　analysis　of　acute　and，　more　importantly，　chronic　results　of　endovascular　grafting　will　allow　an　accu－
rate　evaluation　of　the　clinical　role　of　endovascular　grafts　in　general　as　well　as　the　applicability　of　var－
ious　design　concepts　to　the　technique．
Design　Aspects　of　the　EVT　graft
　　The　EVT　graft　is　attached　at　each　end　with　a　series　of　metal　hooks　implanted　transmurally　in　the
arterial　lumen　after　low　pressure　（2　atm．）　balloon　inflation．　The　attachment　system　is　very　conformable
and　is　not　constrained　to　circular　deployment．　The　attachment　system　employs　radial　force　for　initial
deployment　only　and　radial　force　does　not　play　a　major　role　in　graft　fixation．　lnstead，　the　hooks
are　the　primary　attachment．　The　integrity　of　the　EVT　attachment　is　therefore　longitudinally　discrete
rather　than　distributed　as　is　the　case　with　endovascular　grafts　employing　radial　force　and　longitudinal
apposition　for　attachment．
　　The　body　of　the　graft　is　woven　polyester　not　dissimilar　to　conventional　surgical　grafts．　There　is
no　column　strength　in　the　EVT　graft　as　it　has　no　rigid　framework　outside　of　the　attachment　systems．
Column　strength　has　been　incorporated　into　a　variety　of　other　endovascular　graft　designs　to　simplify
deployment　and　to　prevent　attachment　migration．　The　EVT　graft　is　different　from　other　grafts　in　its
method　of　attachment　and　is　designed　to　imitate　surgical　grafting　with　a　discrete　site　of　fixation　and
transmural　mechanism．　Analysis　of　long　term　attachment　site　stability　and　competence　will　determine
which　attachment　technique　is　durable．
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Graft　positioning　and　delivery
　　A　variety　of　adjunctive　devices　dedicated　to　precise　graft　placement　and　device　insertion　have　also
been　designed　and　produced　by　EVT．　An　“Angioscale”　pigtail　aortic　angiography　catheter　aids　precise
aortic　measurements　with　1　cm．　marks　over　a　20　cm．　length　of　catheter．　To　aid　precise　implantation，
a　“marker　board”，　consisting　of　a　large　lucite　cassette　with　mobile　platinum　strips，　is　placed　under　the
patient　prior　to　the　procedure．　The　radio　opaque　strips　are　then　positioned　at　the　proximal　and
distal　targets　at　the　time　of　the　aortogram　to　provide　an　unequivocal　target　for　the　operating　team
rather　than　a　relative　anatomic　target　（e．g．　“the　top　of　L2”，　etc．）．　Precise　proximal　implantation　in　the
juxtarenal　position　anchors　the　graft　in　the　aortic　location　least　likely　to　undergo　significant　future
dilation　and　is　therefore　of　paramount　importance　in　achieving　long　term　stability．
　　A　large　femoral　delivery　sheath　（27Fr）　is　expandable　in　its　distal　portion　and　has　two　“iris”　type　valves
at　its　entry　point　to　minimize　blood　loss　and　to　allow　the　passage　of　different　caliber　devices　（e．g．　wires，
23Fr　graft　delivery　system）．　The　expandable　sheath　also　protects　the　distal　iliac　vasculature　during　the
procedure．
　　The　delivery　catheter　itself　is　the　result　of　a　variety　of　engineering　iterations　over　the　eight　year
evolution　of　the　EVT　system．　The　primary　challenge　is　the　delivery　of　a　flexible　graft　such　that，　in　the
case　of　a　bifurcated　graft，　all　three　attachment　systems　are　individually　controllable　with　respect　to　both
rotational　and　longitudinal　position．　Each　attachment　system　also　has　a　mechanism　that　locks　it　into
its　delivery　capsule　preventing　premature　deployment．　The　graft　itself　has　a　series　of　radio　opaque
markers　in　different　orientations　corresponding　to　different　sections　of　the　graft．　Lack　of　rigid
support　throughout　the　graft　requires　sophisticated　engineering　and　control　mechanisms　to　achieve
this　degree　of　control．　While　relatively　complex，　once　understood，　the　graft　delivery　system　offers
a　high　degree　of　control　from　a　remote　location　allowing　precise　control　of　each　attachment　system
delivery　separately　at　specific　locations．　The　configuration　of　the　hooks　and　the　graft　marks　also
provide　a　valuable　aid　to　postoperative　surveillance　for　evidence　of　graft　migration　of　shift　in
configuration　of　position．
EVT　Results　at　East　Carolina　University
　　Between　November　1996　and　November　1997，　22　bifurcated　and　2　aortoiliac　EVT　Ancure　grafts　were
placed　in　24　patients．　There　was　a　single　case　where　access　was　not　obtained　as　a　result　of　small　iliac
diameter．　This　patient　returned　to　the　referring　surgeon　for　elective　open　repair．　Fluoroscopy　and　oper－
ative　times　averaged　48　（range：　19－120）　and　196　（range：　121－308）　minutes　respectively．　lntravenous
contrast　averaged　146　milliliters　（range：　41－350）．　The　average　blood　loss　was　231　milliliters　（range：
75－600）．　Learning　curve　efficiencies　were　noted　with　reductions　in　the　average　operative　time　（161
min．，　一1890），　fluoroscopy　time　（29　min．，　一4090）　and　intravenous　contrast　（67　mls．，　一5690）　over　the
last　five　cases．
　　Of　the　60　attachment　sites　implanted　there　was　only　one　with　a　leak　demonstrable　at　the　time　of
discharge　（9590　attachment　site　competence）．　This　was　in　a　93　year　old　patient　with　an　8．2　cm　AAA
who　only　had　a　10　mm．　proximal　neck　（i．e．　a　deviation　from　the　15　mm．　required　by　the　protocol）　and
had　a　near　900　angulation　between　the　proximal　neck　and　the　aneurysm．　This　leak　was　sealed　three
weeks　later　by　transaortic　embolization　of　the　aneurysm　sac．　There　were　no　hemodynamically　signifi－
cant　graft　twists．　There　were　no　strokes，　myocardial　infarction，　renal　dysfunction，　ischemic　events，
or　other　major　complications　noted　at　the　time　of　discharge．　All　patients　were　discharged　on　postop－
erative　days　1－3　（average：　2）．　All　patients　are　alive　and　have　stable　or　shrinking　aneurysms　at　3－15
months　follow－up．　There　have　been　no　graft　occlusions　during　the　follow－up　period．
　　Preoperative　angiographic　interventional　procedures　（e．g．　embolization　of　IMA，　embolization　of
（　10　）
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accessory　renal，　iliac　angioplasty）　were　performed　in　six　patients．　The　decision　to　perform　preoper－
ative　embolization　was　universal　for　acccssory　renal　artcries　dccmcd　appropriate　for　sacri丘ce　and
subjectively　for　the　inferior　mesenteric　artery　based　on　size　and　collateral　circulation．　These　adjunctive
procedures　were　accomplished　1－2　weeks　prior　to　endovascular　grafting　to　make　sure　that　they　were
tolerated　well　and　to　allow　all　attention　to　be　directed　to　the　aortic　graft　at　the　time　of　its　implanta－
tion．　Perigraft　flow　has　been　documented　in　10　patients　（4290）．　All　perigraft　flow　has　been　the　result
of　aneurysm　tributaries　（e．g．　inferior　mesenteric　artery，　lumbar　arteries）　with　the　exception　of　the
single　case　of　inital　proximal　attachment　incompetence．　All　aneurysms　with　perigraft　flow　originating
from　tributaries　have　been　stable　or　shrinking．　Of　the　patients　with　tributary－based　perigraft　flow，　7190
had　resolved　at　6　month　examination．　Of　two　patients　with　perigraft　flow　at　six　months，　one　has　been
seen　for　one　year　examination　and　is　resolved．　The　single　case　of　proximal　attachment　incompetence
was　treated　with　transaortic　embolization　of　the　aneurysm　which　ablated　perigraft　flow　and　rendered
the　proximal　attachment　competent．　This　aneurysm　has　not　grown　over　the　following　six　months　despite
marked　growth　prior　to　endovascular　grafting．
　　Femoral　wound　complications　in　the　form　of　delayed　healing　or　lymphatic　leaks　have　occurred　in
four　patients．　One　patient　developed　atheroembolic　syndrome　in　the　follow－up　period　as　manifested
by　multifocal　ischemic　cerebrovascular　accidents，　renal　dysfunction，　and　blue　toe　syndrome．
　　Since　precise　proximal　implantation　in　the　juxtarenal　position　anchors　the　graft　in　the　aortic　loca－
tion　least　likely　to　undergo　significant　future　dilation　we　also　reviewed　our　ability　to　place　the　graft
precisely　with　respect　to　the　inferior　margin　of　the　lowest　renal　artely．　The　proximal　attachment　was
within　2　mm．　of　our　target　in　7590　of　cases　and　within　3　mm．　in　8390　of　the　cases．　There　was　only　one
case　where　the　proximal　attachment　was　more　than　5　mm　from　our　target　（i．e．　6　mm）．　No　internal
iliacs　were　covered　by　the　graft．
　　Wallstent　support　of　the　iliac　limbs　was　utilized　in　three　cases　where　there　was　a　high　degree　of
tortuosity　or　a　significant　mismatch　between　iliac　diameter　and　graft　limb　size．　Evidence　for　iliac　limb
stenosis　was　seen　in　three　patients　postoperatively　and　this　was　also　treated　with　percutaneous　Wall－
stent　placement：　（3／24）　at　2　weeks，　3　months，　and　6　months　following　original　implantation．　No　graft
has　occluded．
Cumulative　Results　from　the　U．S．　and　Current　Clinical　Status
　　The　EVT　graft　has　evolved　significantly　over　eight　years　of　design　refinement　and　four　years　of
clinical　trials　done　under　the　scrutiny　of　FDA　sanctioned　clinical　protocols．　All　radiologic　interpreta－
tion　for　purposes　of　the　trial　data　is　done　through　a　core　lab　at　the　Cleveland　Clinic　Foundation　（5）．
The　enrollment　for　the　Phase　II　trials　of　both　the　tube　and　bifurcated　grafts　to　allow　one　year　data
analysis　for　FDA　approval　is　complete　but　both　trials　will　continue　to　accrue　patients　until　marketing
approval　is　granted．
　　The　tube　graft　trial　had　88　patients　in　the　endovascular　arm　with　no　deaths　and　no　major　compli－
cations　while　the　surgical　control　group　had　a　3．990　mortality　and　3．9％　major　complication　rate．　The
technical　success　rate　for　the　tube　graft　was　9090．　The　bifurcated　trial　enrolled　106　endovascular　patients
and　103　surgical　controls．　The　technical　success　rate　was　9190．　The　30－day　mortality　was　1．9％　in　the
endovascular　group　and　3．990　in　the　surgical　group．
　　Hook　breaks　occurred　in　the　first　clinical　version　of　the　device　and　serve　as　testament　to　the
significant　shear　force　experienced　by　endovascular　aortic　grafts．　The　current　hook　design　has　a　many
fold　greater　tolerance　to　stress　at　the　prior　location　of　the　hook　breaks　and　no　hook　breaks　have　been
documented　with　the　current　graft　over　three　years．　Refinements　to　the　EVT　graft　and　to　the　EVT　graft
delivery　system　have　been　ongoing　throughout　its　development．　The　EVT　grafts　have　gained　market－
ing　approval　in　both　Australia　and　Europe（6）（7）（8）（9）（10）（11）　and　will　enter　Phase　III　FDA
（　11　）
一　268　一 THE　JOURNAL　O　F　TO　KYO　MEDICAL　UNIVERSITYVol．56　No．2
trials　in　early　1998．　A　pre－market　application　to　the　FDA　in　the　United　States　is　expected　for　both　the
tube　and　bifurcated　EVT　Ancure　grafts　in　1998．
Summary
　　The　initial　results　for　both　the　tube　and　bifurcated　devices　in　this　country　are　from　twenty　centers
in　the　early　portion　of　their　learning　curve．　Our　experience　suggests　remarkable　improvements　in　OR
time，　contrast　administration　and　other　procedural　parameters　are　gained　with　experience．　The　final
result　using　the　EVT　device　represents　the　closest　duplication　of　a　surgically　placed　graft　with　local－
ized　transmural　fixation　at　each　end　and　a　compliant　woven　dacron　graft　body．　Refinements　to　the　EVT
grafting　system，　better　patient　selection，　and　further　experience　with　the　device　should　allow　further
improvements　in　the　results　obtained　with　the　EVT　Ancure　graft．　The　long　term　stability　and　ability　to
prevent　aneurysm　rupture　are　the　primary　questions　that　remain　to　be　answered　about　both　the　EVT
graft　and　all　other　endovascular　aortic　prostheses．
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